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(57) ABSTRACT

A first wireless communication device including a physical
layer device configured to generate a data packet having a
mixed mode preamble. The mixed mode preamble includes a
first portion to be transmitted omnidirectionally via a single
stream, and a second portion to be transmitted in a beam-
formed manner. The mixed mode preamble includes a signal
field corresponding to information about the data packet. The
signal field includes a first sub-field that indicates a number of
streams of the second portion and a second sub-field indicat-
ing, based on the first sub-field, whether to perform a beam
change between the first portion and the second portion or
whether to perform channel smoothing on the second portion.
A transceiver is configured to transmit, from the first wireless
communication device to a second wireless communication
device, the data packet having the mixed mode preamble.
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BEAM CHANGE AND SMOOTHING IN
MIXED MODE WLAN SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/819,292. filed on May 3, 2013. The entire
disclosure of the application referenced above is incorporated
herein by reference.

FIELD

The present disclosure relates to mixed mode preambles in
wireless local area network communication.

BACKGROUND

Wireless local area networks (WLANs) may include an
access point (AP) and one or more client stations. Various
operating standards for WL ANSs include, but are not limited
to, Institute for Electrical and Electronics Engineers (IEEE)
802.11a, 802.11ac, 802.11af, 802.11ah, 802.11b, 802.11g,
and 802.11n. Some standards (e.g., 802.11n, 802.11ac, and
802.11ah) implement a mixed mode preamble.

SUMMARY

A first wireless communication device includes a physical
layer device configured to generate a data packet having a
mixed mode preamble. The mixed mode preamble includes a
first portion to be transmitted omnidirectionally via a single
stream, and a second portion to be transmitted in a beam-
formed manner via a single stream or multiple streams. The
mixed mode preamble includes a signal field corresponding
to information about the data packet. The signal field includes
a first sub-field that indicates a number of streams of the
second portion of the mixed mode preamble and a second
sub-field indicating, based on the first sub-field, whether to
perform a beam change between the first portion and the
second portion of the mixed mode preamble or whether to
perform channel smoothing on the second portion of the
mixed mode preamble. A transceiver is configured to trans-
mit, from the first wireless communication device to a second
wireless communication device, the data packet having the
mixed mode preamble.

A method of operating a first wireless communication
device includes generating a data packet having a mixed
mode preamble. The mixed mode preamble includes a first
portion to be transmitted omnidirectionally via a single
stream, and a second portion to be transmitted in a beam-
formed manner via a single stream or multiple streams. The
mixed mode preamble includes a signal field corresponding
to information about the data packet. The signal field includes
a first sub-field that indicates a number of streams of the
second portion of the mixed mode preamble and a second
sub-field indicating, based on the first sub-field, whether to
perform a beam change between the first portion and the
second portion of the mixed mode preamble or whether to
perform channel smoothing on the second portion of the
mixed mode preamble. The method further includes transmit-
ting, from the first wireless communication device to a second
wireless communication device, the data packet having the
mixed mode preamble.

Further areas of applicability of the present disclosure will
become apparent from the detailed description, the claims
and the drawings. The detailed description and specific
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2

examples are intended for purposes of illustration only and
are not intended to limit the scope of the disclosure.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is an example wireless local area network including
one or more devices configured to implement mixed mode
preamble beam change and smoothing according to an
embodiment of the present disclosure.

FIG. 2 is an example mixed mode preamble according to an
embodiment of the present disclosure.

FIG. 3 is another example mixed mode preamble according
to an embodiment of the present disclosure.

FIG. 41is another example mixed mode preamble according
to an embodiment of the present disclosure.

FIG. 5 is an example mixed mode preamble beam change
and smoothing method performed by a transmitting device
according to an embodiment of the present disclosure.

FIG. 6 is an example mixed mode preamble beam change
and smoothing method performed by a receiving device
according to an embodiment of the present disclosure.

In the drawings, reference numbers may be reused to iden-
tify similar and/or identical elements.

DESCRIPTION

Various IEEE 802.11 standards, such as IEEE 802.11n,
802.11ac, and 802.11ah implement a mixed mode preamble
(e.g., referred to as a “long preamble” in IEEE 802.11ah). The
mixed mode preamble includes a first portion (referred to
herein also as “omni portion™) that is to be transmitted omni-
directionally using a single stream and a second portion (also
referred to herein as “beamformed portion™) that is transmit-
ted in a beamformed manner using multiple streams. Specifi-
cally, mixed mode preambles include an omni portion to
support multi-user multiple-input multiple-output (MU-
MIMO) operation. For example only, the omni portion
includes a short training field (STF), a first long training field
(LTF or LTF1), and a physical layer (PHY) signal field (SIG
or SIG-A). The SIG-A field includes information about (e.g.,
how to process) the beamformed portion corresponding to the
mixed mode preamble, and may be modulated according to a
binary phase-shift keying (BPSK) modulation scheme and/or
a quadrature phase-shift keying (QPSK) modulation scheme.
The beamformed portion of the mixed mode preamble fol-
lows the SIG field. Some omni portions (e.g., IEEE 802.11ac
omni portions) include a legacy signal field (e.g., between
LTF and SIG-A). The LTF may include double guard interval
(DGI) and one or more long training sequences (LTS).

The SIG field in the omni portion of the mixed mode
preamble (SIG-A) includes an N g, indication. Ny cindicates
a number of streams (e.g., corresponding to a number of
transmit antennas) of the beamformed portion being trans-
mitted from the device. For example, if No,=1, only a single
stream is being transmitted. Conversely, if No,>1, multiple
(N ;) transmit antennas will transmit the beamformed por-
tion.

Regardless whether N¢,>1 (i.e., whether multiple trans-
mit antennas will be used to transmit the beamformed por-
tion), the omni portion is still transmitted via a single spatial
stream (e.g., the omni portion may be modulated similar to
legacy wireless local area network (WLAN) standards such
as 802.11a, 802.11g, etc.), and is mapped to N transmit
antennas by a spatial mapping matrix Q " for a k-th tone
according to x,~Q,°"™"s,, where x, corresponds to the trans-
mitted vector in tone k, of size Nx1, Q" corresponds to
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the spatial mapping matrix for the omni portion in tone k, of
size N x1, and s, corresponds to an original single stream
signal in tone k, of size 1x1.

Conversely, the beamformed portion may be modulated
with Ng,¢ space-time streams (i.e., MIMO) and mapped to
NTX transmit antennas by spatial mapping matrix Q,“*“ for
the k-th tone according to x,=Q,“*“D ., ;5,» Where X, cor-
responds to the transmitted vector in tone k, of size N x1,
Q4 corresponds to the spatial mapping matrix for the
beamformed portion in tone k, of size N 1XNore, Despr
corresponds to the diagonal matrix with diagonal values rep-
resenting per-stream cyclic shift diversity (CSD) phase shift-
ings in tone k, of size N, XN - and s, corresponds an origi-
nal single or multi-stream signal in tone k, of size N ox1.

Systems and methods according to the principles of the
present disclosure provide an additional bit (in embodiments,
one or more bits) in the SIG-A field of the omni portion. For
example, this additional bit may be referred to as a “beam-
change/smoothing” (bc/s) bit. For reference, the terms
“smoothing” and “beamforming” correspond to usage in, for
example, standards 802.11n, 802.11ac, etc. The term “beam
change” corresponds to a beam change indication.

In one embodiment, a receiving device (i.e., a device that
receives the signal including the omni portion of the mixed
mode preamble) interprets the be/s bit differently according
to other values in the SIG-A field. For example, in such an
embodiment, the receiving device interprets the be/s bit dif-
ferently based on the value of Ng.. In other words, the value
of the be/s bit (e.g., a 1 or a 0) may provide more than one
indication to the receiver in different circumstances. For
example, a 1 or 0 in the be/s bit field may correspond to a
recommendation, to the receiver, of whether to perform a
beam change (1) or not (0) if Ny ~=1. Conversely, a 1 or 0 in
the be/s bit field may recommend, to the receiver, whether to
perform smoothing (1) or not (0) if Ny,o>1. In other words,
the number of space-time streams (N) to be used to carry
the beamformed portion of the same packet controls the inter-
pretation of the be/s bit. Accordingly, the be/s bit may both
indicate a change between use of the Q" and Q,“*®
matrices, as well as the smoothability of the beamformed
portion channel estimation (e.g., based on data long training
fields, or D-LTF (1 . .. N), in the beamformed portion).

FIG. 1 shows an example WLAN 100 including one or
more wireless communication devices configured to imple-
ment the mixed mode preamble beam change and smoothing
systems and methods according to an embodiment of the
present disclosure. The WLAN 100 includes an access point
(AP) 104 having a host processor 108 in communication with
a network interface 112. The network interface 112 includes
a medium access control (MAC) device 116 and a physical
layer (PHY) device 120. The PHY device 120 includes a
plurality of transceivers 124-1,124-2, . . . ,and 124-7, referred
to collectively as transceivers 124. The transceivers 124 com-
municate with respective antennas 128-1, 128-2, . . ., and
128-#, referred to collectively as antennas 128.

The AP 104 communicates with a plurality of client sta-
tions 132-1, 132-2, 132-3, .. ., and 132-», referred to collec-
tively as client stations 132. The client station 132-1 includes
a host processor 136 in communication with a network inter-
face 140. The network interface 140 includes a MAC device
144 and a PHY device 148. The PHY device 148 includes a
plurality of transceivers 152-1,152-2, . . . ,and 152-#, referred
to collectively as transceivers 152. The transceivers 152 com-
municate with respective antennas 156-1, 156-2, . . . , and
156-n, referred to collectively as antennas 128. One or more
of'the client stations 132 may have a same or similar structure
as the client station 132-1. For example only, each ofthe client
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4

stations 132 may have a same or different number of the
transceivers 152 and the antennas 156.

The host processor 108, the MAC device 144, and/or the
PHY device 120 of the AP 104 may be configured to generate
data packets including the mixed mode preamble according to
the principles of the present disclosure. Accordingly, the
mixed mode preamble includes an omni portion and a beam-
formed portion. For example, the SIG-A field of the omni
portion includes an additional beam-change/smoothing (bc/
s) bit. The be/s bit indicates whether beam change or smooth-
ing is recommended based on a value of Ng.. The transceiv-
ers 124 are configured to transmit the data packets via the
respective antennas 128.

Conversely, respective receiving devices (i.e., the client
stations 132) are configured to selectively process the data
packets received from the AP 104, via antennas 156, accord-
ing to the be/s bit in the mixed mode preamble.

For example, Q" may be equal to Q,““? (i.e., the
spatial mapping between the omni portion and the beam-
formed portion may be the same) when the beamformed
portion is modulated as a single space-time stream (i.e., when
Ns7=1). In other words, because the omni portion is always
modulated as a single space time stream, Q" may be
equal to Q,“““*> when the beamformed portion is modulated,
like the omni portion, as a single space-time stream. However,
when N¢,=1, the spatial mapping between the omni portion
and the beamformed portion may be the same or different. For
example, the spatial mapping between the omni portion and
the beamformed portion may be different if beamforming is
performed. Accordingly, if Ng,=1, then the be/s bit is set
(e.g., to 1) to instruct the receiving device to perform a beam
change if the spatial mapping between the omni portion and
the beamformed portion is different. Conversely, if No, =1
and the spatial mapping between the omni portion and the
beamformed portion is the same, then the be/s is not set (e.g.,
set to 0).

Accordingly, when N.,~1, the be/s bit indicates to the
receiving device when to transition between the spatial map-
ping of the omni portion, Q,"”, and the spatial mapping of
the beamformed portion, Q,““*®). Setting the be/s bit to 1
indicates that Q™" is not equal to Q,““*® for at least one of
the overlapping non-zero tones between the omni portion and
the beamformed portion, and therefore the receiving device
should perform a beam change. Further, the be/s bit being set
to 1 may also indicate a recommendation for the receiving
device not to conduct channel smoothing across adjacent
tones for the beamformed portion channel estimations. For
example, when bc/s=1, the transmitting device may be per-
forming transmit beamforming (TxBF) on the beamformed
portion, and performing smoothing in this situation may
degrade performance.

Conversely, not setting the be/s bit (i.e., setting the be/s bit
to 0) when N;..=1 indicates a recommendation for the receiv-
ing device not to perform a beam change between the omni
portion and the beamformed portion. In some implementa-
tions (e.g., for an 802.11ah long preamble), when the beam is
not changed, the receiving device may combine channel esti-
mations of LTF1 of the omni portion and D-LTF1 of the
beamformed portion.

When N,>1, the be/s bit indicates to the receiving device
whether channel smoothing is recommended. For example,
when Ng.o>1 and the bc/s bit is set (i.e., set to 1), it is
recommended for the receiving device to perform channel
smoothing on the beamformed portion. When N..>1 and the
bc/s bit is not set (i.e., set to 0), it is recommended for the
receiving device to not perform channel smoothing on the
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beamformed portion. In some implementations, when
Ns7s>1, the be/s bit may be used to indicate whether to
perform beamforming.

FIG. 2 shows an example mixed mode preamble 200 gen-
erated and transmitted by a transmitting device (e.g., the AP
104 of FIG. 1) and received by a receiving device (e.g., one of
the client stations 132 of FIG. 1) according to an embodiment
of'the present disclosure. The preamble 200 includes an omni
portion 204 and a beamformed portion 208. The omni portion
204 includes an STF 212, an LTF1 216, and a PHY SIG-A
220. The beamformed portion 208 includes a beamformed
portion short training field (D-STF) 224, D-LTF1 ... DTFN
228, a PHY SIG-B 232, and data 236.

The SIG-A field 220 includes a plurality of sub-fields 240
(S-F, ...S-F,). The sub-fields 240 include an N, field and
a be/s field (bit). The transmitting device selectively sets the
bc/s bit as described above according to an embodiment of the
present disclosure. The receiving device interprets the be/s bit
based on the value of the N field.

FIG. 3 shows another example mixed mode preamble 300
generated and transmitted by a transmitting device (e.g., the
AP 104 of FIG. 1) and received by a receiving device (e.g.,
one of the client stations 132 of FIG. 1) according to an
embodiment of the present disclosure. Instead of a single be/s
bit, the SIG-A field 220 of the preamble 300 includes a beam
change (bc) bit and a smoothing (or, in some implementa-
tions, beamforming) bit s. In other words, instead of using a
single beam-change/smoothing bit, the SIG-A field 220
includes separate bc and s bits. Accordingly, regardless of
whether N, is greater than 1, the be bit indicates whether to
perform a beam change. For example, when N¢..>1, the be
bit is set to 1. Conversely, the s bit indicates whether to
perform smoothing (or, in some implementations whether to
perform beamforming).

FIG. 4 shows another example mixed mode preamble 400
generated and transmitted by a transmitting device (e.g., the
AP 104 of FIG. 1) and received by a receiving device (e.g.,
one of the client stations 132 of FIG. 1) according to an
embodiment of the present disclosure. The SIG-A field 220 of
the preamble 400 includes a beam change bit be. Accordingly,
be indicates whether to perform a beam change regardless of
whether N, is greater than 1. If N, is greater than 1, than
the value of be will also be 1 to indicate that a beam change
should be performed.

In some implementations, the mixed mode preamble may
include only the additional be bit as shown in FIG. 4, which is
set to indicate that a beam change should be performed by the
receiving device, and not set to indicate that a beam change
should not be performed by the receiving device. However,
the interpretation of the bc bit by the receiving device may
vary depending on whether N, is 1 or greater than 1.

For example, if N, is 1, indicating a single space-time
stream, and be is set to 1, then Q" is not equal to Q%
for at least one of the overlapping non-zero tones between the
omni portion and the beamformed portion. Accordingly, be
being set to 1 also indicates a recommendation that the receiv-
ing device should not perform channel smoothing across
adjacent tones for the beamformed portion channel estima-
tions due to the likelihood that the transmitting device is
performing transmission beam forming TxBF on the beam-
formed portion. Conversely, if N, is 1 and be is setto 0, then
Q™ is equal to Q,“““** in all of the overlapping non-zero
tones between the omni portion and the beamformed portion.

If N, is greater than one, indicating more than one space-
time stream, and be is set to 1, Q,°" is different from the
corresponding spatial mapping matrix for D-LTF1. In other
words, Q. is not equal to Q,“““D, (PP for at least
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one of the overlapping non-zero tones between the omni
portion and the beamformed portion, where P, corresponds to
afirst column of a spreading P matrix. Accordingly, LTF1 and
D-LTF1 are spatially mapped differently (for example, as a
result of beamforming or different spatial mapping in the
beamformed portion). Further, regardless of whether beam-
forming is being performed, it is recommended that channel
smoothing is not performed by the receiving device when be
is setto 1. In some implementations, an additional smoothing
bit s may be used to indicate whether channel smoothing
should be performed.

If N is greater than one, indicating more than one space-
time stream, and bc is not set (i.e., is set to 0), then Q™ is
equal to Q, D, (“*P)P for all of the overlapping non-zero
tones between the omni portion and the beamformed portion.
For example, for multiple space-time streams, multi-streams
in each data packet are trained using the D-LTFs as spread by
the P matrix according to [DLTF,, DLTF,, . . . DLTF,, =
Q@D PP, L TF,, where Q,“*® corresponds to a spa-
tial mapping matrix for multi-streams of size N xNg -,
D,“*? corresponds to a diagonal matrix reflecting phase
shifts on different streams caused by per-stream CSD, P, ;-
corresponds to the spreading P matrix of size N, XN -, and
LTF, corresponds to an LTF sign (1 or -1) in tone k, of size
1x1. Accordingly, if N, is greater than one, indicating more
than one space-time stream, and be is not set, then Q" is
equal to Q,“““D,(““P)P  1In other words, the spatial map-
ping for LTF1 and the spatial mapping for D-LTF1 are the
same, and the receiving device may combine LTF1 with
D-LTF1 to improve channel estimations.

FIG. 5 shows an example mixed mode preamble beam
change and smoothing method 500 as performed by a trans-
mitting device according to an embodiment of the present
disclosure. At 504, the method 500 determines whether a
number of space-time streams N is greater than 1. If false,
the method 500 continues to 508. If true, the method 500
continues to 512. At 508, the method 500 determines whether
to indicate a recommendation, to a receiving device, to per-
form a beam change between an omni portion and a beam-
formed portion. If true, the method 500 continues to 516. If
false, the method 500 continues to 520. At 516, the method
500 sets a be/s bit in the SIG-A field of a mixed mode pre-
amble to 1. At 520, the method 500 sets the bc/s bit to 0. At
524, the transmitting device transmits the mixed mode pre-
amble including an N field indicating the number of space-
time streams to be used for transmitting the beamformed
portion and the be/s bit.

At 512, the method 500 determines whether to indicate a
recommendation, to the receiving device, to perform channel
smoothing on the beamformed portion. If true, the method
500 continues to 528. If false, the method 500 continues to
532. At 528, the method 500 sets the be/s bit to 1. At 532, the
method 500 sets the be/s bit to 0. The method 500 then
transmits the mixed mode preamble at 524 and ends at 536.

FIG. 6 shows an example mixed mode preamble beam
change and smoothing method 600 as performed by a receiv-
ing device according to an embodiment of the present disclo-
sure. At 604, the method 600 receives a mixed mode preamble
of'a data packet. At 608, the method 600 determines, based on
an N . sub field in a SIG-A field of an omni portion of the
mixed mode preamble, a number of space-time streams N g«
being used to transmit a beamformed portion of the mixed
mode preamble and determines whether N, is greater than
1. If true, the method 600 continues to 612. If false, the
method 600 continues to 616.

At 612, the method 600 determines whether the bc/s bit in
the SIG-A field is set. If true, the method 600 continues to
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620. If false, the method 600 continues to 624. At 620, the
method 600 performs channel smoothing on the beamformed
portion of the mixed mode preamble. At 624, the method 600
processes the beamformed portion of the mixed mode pre-
amble without performing channel smoothing.

At 616, the method 600 determines whether the be/s bit in
the SIG-A field is set. If true, the method 600 continues to
628. If false, the method 600 continues to 632. At 628, the
method 600 performs a beam change between the omni por-
tion and the beamformed portion. In some implementations,
the method 600 performs the beam change but does not per-
form channel smoothing. At 632, the method 600 processes
the beamformed portion of the mixed mode preamble without
performing a beam change. The method 600 ends at 636.

The wireless communications described in the present dis-
closure can be conducted in full or partial compliance with
IEEE standard 802.11-2012, IEEE standard 802.16-2009,
IEEE standard 802.20-2008, and/or Bluetooth Core Specifi-
cation v4.0. In various implementations, Bluetooth Core
Specification v4.0 may be modified by one or more of Blue-
tooth Core Specification Addendums 2, 3, or 4. In various
implementations, IEEE 802.11-2012 may be supplemented
by draft IEEE standard 802.11ac, draft IEEE standard
802.11ad, and/or draft IEEE standard 802.11ah.

Further aspects of the present disclosure relates to one or
more of the following clauses. A first wireless communica-
tion device includes a physical layer device configured to
generate a data packet having a mixed mode preamble. The
mixed mode preamble includes a first portion to be transmit-
ted omnidirectionally via a single stream, and a second por-
tion to be transmitted in a beamformed manner via a single
stream or multiple streams. The mixed mode preamble
includes a signal field corresponding to information about the
data packet. The signal field includes a first sub-field that
indicates a number of streams of the second portion of the
mixed mode preamble and a second sub-field indicating,
based on the first sub-field, whether to perform a beam change
between the first portion and the second portion of the mixed
mode preamble or whether to perform channel smoothing on
the second portion of the mixed mode preamble. A transceiver
is configured to transmit, from the first wireless communica-
tion device to a second wireless communication device, the
data packet having the mixed mode preamble.

The second sub-field is a single bit. The first sub-field
includes a value N, indicating the number of streams of the
second portion to be transmitted. The second sub-field indi-
cates whether to perform the beam change between the first
portion and the second portion of the mixed mode preamble if
the number of streams of the second portion to be transmitted
is one. If the number of streams of the second portion to be
transmitted is one, the second sub-field has a first value to
indicate a recommendation, to the second wireless commu-
nication device, to perform the beam change between the first
portion and the second portion of the mixed mode preamble
and a second value to indicate a recommendation, to the
second wireless communication device, not to perform the
beam change between the first portion and the second portion
of the mixed mode preamble.

The second sub-field indicates whether to perform the
channel smoothing on the second portion of the mixed mode
preamble if the number of streams of the second portion to be
transmitted is greater than one. Ifthe number of streams of the
second portion to be transmitted is greater than one, the
second sub-field has a first value to indicate a recommenda-
tion, to the second wireless communication device, to per-
form the channel smoothing on the second portion of the
mixed mode preamble and a second value to indicate a rec-
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ommendation, to the second wireless communication device,
not to perform the channel smoothing on the second portion
of the mixed mode preamble.

A system includes the first wireless communication device
of claim and the second wireless communication device. The
second wireless communication device is configured to
receive the mixed mode preamble from the first wireless
communication device, determine, based on the first sub-
field, a number of streams of the second portion of the mixed
mode preamble to be transmitted by the first wireless com-
munication device, and determine, based on the number of
streams of the second portion of the mixed mode preamble
that will be transmitted by the first wireless communication
device and the second sub-field, whether to perform the beam
change between the first portion and the second portion or
whether to perform the channel smoothing on the second
portion. The second wireless communication device is con-
figured to determine whether to perform the beam change on
the second portion of the mixed mode preamble if the number
of streams of the second portion to be transmitted is one. The
second wireless communication device is configured to deter-
mine whether to perform the channel smoothing if the num-
ber of streams of the second portion to be transmitted is
greater than one.

A method of operating a first wireless communication
device includes generating a data packet having a mixed
mode preamble. The mixed mode preamble includes a first
portion to be transmitted omnidirectionally via a single
stream, and a second portion to be transmitted in a beam-
formed manner via a single stream or multiple streams. The
mixed mode preamble includes a signal field corresponding
to information about the data packet. The signal field includes
a first sub-field that indicates a number of streams of the
second portion of the mixed mode preamble and a second
sub-field indicating, based on the first sub-field, whether to
perform a beam change between the first portion and the
second portion of the mixed mode preamble or whether to
perform channel smoothing on the second portion of the
mixed mode preamble. The method further includes transmit-
ting, from the first wireless communication device to a second
wireless communication device, the data packet having the
mixed mode preamble.

The second sub-field is a single bit. The first sub-field
includes a value N, indicating the number of streams of the
second portion to be transmitted. The second sub-field indi-
cates whether to perform the beam change between the first
portion and the second portion of the mixed mode preamble if
the number of streams of the second portion to be transmitted
is one. If the number of streams of the second portion to be
transmitted is one, the second sub-field has a first value to
indicate a recommendation, to the second wireless commu-
nication device, to perform the beam change between the first
portion and the second portion of the mixed mode preamble
and a second value to indicate a recommendation, to the
second wireless communication device, not to perform the
beam change between the first portion and the second portion
of the mixed mode preamble.

The second sub-field indicates whether to perform the
channel smoothing on the second portion of the mixed mode
preamble if the number of streams of the second portion to be
transmitted is greater than one. If the number of streams of the
second portion to be transmitted is greater than one, the
second sub-field has a first value to indicate a recommenda-
tion, to the second wireless communication device, to per-
form the channel smoothing on the second portion of the
mixed mode preamble and a second value to indicate a rec-
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ommendation, to the second wireless communication device,
not to perform the channel smoothing on the second portion
of the mixed mode preamble.

The method further includes, using the second wireless
communication device, receiving the mixed mode preamble
from the first wireless communication device, determining,
based on the first sub-field, a number of streams of the second
portion of the mixed mode preamble to be transmitted by the
first wireless communication device, and determining, based
on the number of streams of the second portion of the mixed
mode preamble that will be transmitted by the first wireless
communication device and the second sub-field, whether to
perform the beam change between the first portion and the
second portion or whether to perform the channel smoothing
on the second portion. The method further includes, using the
second wireless communication device, determining whether
to perform the beam change on the second portion of the
mixed mode preamble if the number of streams of the second
portion to be transmitted is one. The method further includes,
using the second wireless communication device, determin-
ing whether to perform the channel smoothing if the number
of streams of the second portion to be transmitted is greater
than one.

The foregoing description is merely illustrative in nature
and is in no way intended to limit the disclosure, its applica-
tion, or uses. The broad teachings of the disclosure can be
implemented in a variety of forms. Therefore, while this
disclosure includes particular examples, the true scope of the
disclosure should not be so limited since other modifications
will become apparent upon a study of the drawings, the speci-
fication, and the following claims. As used herein, the phrase
at least one of A, B, and C should be construed to mean a
logical (A OR B OR C), using a non-exclusive logical OR,
and should not be construed to mean “at least one of A, at least
one of B, and at least one of C.”” It should be understood that
one or more steps within a method may be executed in dif-
ferent order (or concurrently) without altering an embodi-
ment of the present disclosure.

In this application, including the definitions below, the
term module may be replaced with the term circuit. The term
module may refer to, be part of, or include an Application
Specific Integrated Circuit (ASIC); a digital, analog, or mixed
analog/digital discrete circuit; a digital, analog, or mixed
analog/digital integrated circuit; a combinational logic cir-
cuit; a field programmable gate array (FPGA); a processor
(shared, dedicated, or group) that executes code; memory
(shared, dedicated, or group) that stores code executed by a
processor; other suitable hardware components that provide
the described functionality; or a combination of some or all of
the above, such as in a system-on-chip.

The term code, as used above, may include software, firm-
ware, and/or microcode, and may refer to programs, routines,
functions, classes, and/or objects. The term shared processor
encompasses a single processor that executes some or all code
from multiple modules. The term group processor encom-
passes a processor that, in combination with additional pro-
cessors, executes some or all code from one or more modules.
The term shared memory encompasses a single memory that
stores some or all code from multiple modules. The term
group memory encompasses a memory that, in combination
with additional memories, stores some or all code from one or
more modules. The term memory is a subset of the term
computer-readable medium. The term computer-readable
medium, as used herein, does not encompass transitory elec-
trical or electromagnetic signals propagating through a
medium (such as on a carrier wave); the term computer-
readable medium may therefore be considered tangible and
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non-transitory. Non-limiting examples of a non-transitory,
tangible computer-readable medium include nonvolatile
memory (such as flash memory), volatile memory (such as
static random access memory and dynamic random access
memory), magnetic storage (such as magnetic tape or hard
disk drive), and optical storage.

The apparatuses and methods described in this application
may be partially or fully implemented by one or more com-
puter programs executed by one or more processors. The
computer programs include processor-executable instruc-
tions that are stored on at least one non-transitory, tangible
computer-readable medium. The computer programs may
also include and/or rely on stored data.

What is claimed is:

1. A first wireless communication device, comprising:

aphysical layer device configured to generate a data packet

having a mixed mode preamble, wherein

the mixed mode preamble includes (i) a first portion to
be transmitted omnidirectionally via a single stream,
and (i) a second portion to be transmitted in a beam-
formed manner via a single stream or multiple
streams,

the mixed mode preamble includes a signal field corre-
sponding to information about the data packet, and

the signal field includes (i) a first sub-field that indicates
a number of streams of the second portion of the
mixed mode preamble and (ii) a second sub-field con-
figured to selectively indicate, based on the first sub-
field, (a) whether to perform a beam change between
the first portion and the second portion of the mixed
mode preamble and (b) whether to perform channel
smoothing on the second portion of the mixed mode
preamble,

wherein the first-sub field controls which of (a) and (b) is
indicated by the second sub-field, such that the second
sub-field indicates whether to perform the beam
change when the first sub-field corresponds to a first
number of streams, and the second sub-field indicates
whether to perform the channel smoothing when the
first sub-field corresponds to a second number of
streams; and

a transceiver configured to transmit, from the first wireless

communication device to a second wireless communi-
cation device, the data packet having the mixed mode
preamble.

2. The first wireless communication device of claim 1,
wherein the first sub-field includes a value N ¢, indicating the
number of streams of the second portion to be transmitted.

3. The first wireless communication device of claim 1,
wherein the second sub-field indicates whether to perform the
beam change between the first portion and the second portion
of the mixed mode preamble if the number of streams of the
second portion to be transmitted is one.

4. The first wireless communication device of claim 3,
wherein, if the number of streams of the second portion to be
transmitted is one, the second sub-field has (i) a first value to
indicate a recommendation, to the second wireless commu-
nication device, to perform the beam change between the first
portion and the second portion of the mixed mode preamble
and (ii) a second value to indicate a recommendation, to the
second wireless communication device, not to perform the
beam change between the first portion and the second portion
of the mixed mode preamble.

5. The first wireless communication device of claim 1,
wherein the second sub-field indicates whether to perform the
channel smoothing on the second portion of the mixed mode
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preamble if the number of streams of the second portion to be
transmitted is greater than one.

6. The first wireless communication device of claim 5,
wherein, if the number of streams of the second portion to be
transmitted is greater than one, the second sub-field has (i) a
first value to indicate a recommendation, to the second wire-
less communication device, to perform the channel smooth-
ing on the second portion of the mixed mode preamble and (ii)
a second value to indicate a recommendation, to the second
wireless communication device, not to perform the channel
smoothing on the second portion of the mixed mode pre-
amble.

7. A system, comprising:

the first wireless communication device of claim 1; and

the second wireless communication device, wherein the

second wireless communication device is configured to

receive the mixed mode preamble from the first wireless
communication device,

determine, based on the first sub-field, a number of
streams of the second portion of the mixed mode
preamble to be transmitted by the first wireless com-
munication device, and

determine, based on (i) the number of streams of the
second portion of the mixed mode preamble that will
be transmitted by the first wireless communication
device and (ii) the second sub-field, whether to (a)
perform the beam change between the first portion
and the second portion or (b) whether to perform the
channel smoothing on the second portion.

8. The system of claim 7, wherein the second wireless
communication device is configured to determine whether to
perform the beam change on the second portion of the mixed
mode preamble if the number of streams of the second portion
to be transmitted is one.

9. The system of claim 7, wherein the second wireless
communication device is configured to determine whether to
perform the channel smoothing if the number of streams of
the second portion to be transmitted is greater than one.

10. The first wireless communication device of claim 1,
wherein the second sub-field is a single bit.

11. A method of operating a first wireless communication
device, the method comprising:

generating a data packet having a mixed mode preamble,

wherein

the mixed mode preamble includes (i) a first portion to
be transmitted omnidirectionally via a single stream,
and (ii) a second portion to be transmitted in a beam-
formed manner via a single stream or multiple
streams,

the mixed mode preamble includes a signal field corre-
sponding to information about the data packet, and

the signal field includes (i) a first sub-field that indicates
a number of streams of the second portion of the
mixed mode preamble and (ii) a second sub-field con-
figured to selectively indicate, based on the first sub-
field, (a) whether to perform a beam change between
the first portion and the second portion of the mixed
mode preamble and (b) whether to perform channel
smoothing on the second portion of the mixed mode
preamble,

wherein the first-sub field controls which of (a) and (b) is
indicated by the second sub-field, such that the second
sub-field indicates whether to perform the beam
change when the first sub-field corresponds to a first
number of streams, and the second sub-field indicates
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whether to perform the channel smoothing when the
first sub-field corresponds to a second number of
streams; and

transmitting, from the first wireless communication device

to a second wireless communication device, the data
packet having the mixed mode preamble.

12. The method of claim 11, wherein the first sub-field
includes a value N, indicating the number of streams of the
second portion to be transmitted.

13. The method of claim 11, wherein the second sub-field
indicates whether to perform the beam change between the
first portion and the second portion of the mixed mode pre-
amble if the number of streams of the second portion to be
transmitted is one.

14. The method of claim 13, wherein, if the number of
streams of the second portion to be transmitted is one, the
second sub-field has (i) a first value to indicate a recommen-
dation, to the second wireless communication device, to per-
form the beam change between the first portion and the sec-
ond portion of the mixed mode preamble and (ii) a second
value to indicate a recommendation, to the second wireless
communication device, not to perform the beam change
between the first portion and the second portion of the mixed
mode preamble.

15. The method of claim 11, wherein the second sub-field
indicates whether to perform the channel smoothing on the
second portion of the mixed mode preamble if the number of
streams of the second portion to be transmitted is greater than
one.

16. The method of claim 15, wherein, if the number of
streams of the second portion to be transmitted is greater than
one, the second sub-field has (i) a first value to indicate a
recommendation, to the second wireless communication
device, to perform the channel smoothing on the second por-
tion of the mixed mode preamble and (ii) a second value to
indicate a recommendation, to the second wireless commu-
nication device, not to perform the channel smoothing on the
second portion of the mixed mode preamble.

17. The method of claim 11, further comprising:

using the second wireless communication device,

receiving the mixed mode preamble from the first wire-
less communication device,

determining, based on the first sub-field, a number of
streams of the second portion of the mixed mode
preamble to be transmitted by the first wireless com-
munication device, and

determining, based on (i) the number of streams of the
second portion of the mixed mode preamble that will
be transmitted by the first wireless communication
device and (i) the second sub-field, whether to (a)
perform the beam change between the first portion
and the second portion or (b) whether to perform the
channel smoothing on the second portion.

18. The method of claim 17, further comprising, using the
second wireless communication device, determining whether
to perform the beam change on the second portion of the
mixed mode preamble if the number of streams of the second
portion to be transmitted is one.

19. The method of claim 17, further comprising, using the
second wireless communication device, determining whether
to perform the channel smoothing if the number of streams of
the second portion to be transmitted is greater than one.

20. The method of claim 11, wherein the second sub-field
is a single bit.



